Tyrosinase is a copper-containing metalloprotein that catalyzes the oxidation of tyrosine, in particular, L-DOPA to L-Dopaquinone, which are precursors of brown pigments in some wounded eukaryotic tissues. The present study focused on screening, production and characterization of tyrosinase from multi-enzyme producing Fusarium solani B1 and Fumago sp. A total of 25 strains were isolated from rotting wood samples and screened for hydrolytic and oxidative multi-enzyme potentials using different polymeric substrates.
Introduction
With the advent of biotechnology, there has been a growing interest and demand for enzymes with novel properties. Considerable efforts are being directed towards the selection of microorganisms producing enzymes with enhanced catalytic properties and tolerance to extreme conditions charactersitic of industrial processes, such as temperature, salts, pH and many others. The potentials of using fungi as biotechnological sources of industrially relevant enzymes have stimulated interest in the exploration of their extracellular enzyme activity. Multienzymes could be produced through their induction on exposure to certain cultural conditions [1] , through engineered microbes with multi-functions [2] , through mixed culture of microbes [3] , or ultimately, through directed evolution of enzymes [4] . High yielding strains, optimal fermentation conditions and efficient separation technologies have been anticipated to reduce the cost of producing many enzymes. Notwithstanding, pure enzyme extracts might still contain trivial amounts of a variety of accessory enzymes, which may be responsible for their multicatalytic potentials.
Tyrosinase is a copper containing enzyme present in both plant and animal tissues that catalyzes the production of melanin and other pigments from tyrosine by oxidation. A typical illustration is the blackening of a peeled or sliced tuber crop, during exposure to air [5] . From a mechanistic perspective, tyrosinases oxidize their substrates through hydroxylation of monophenol to o-diphenol (monophenolase or cresolase activity) and the oxidation of diphenol to o-quinones (diphenolase or catecholase activity), both using molecular oxygen, followed by a series of non-enzymatic steps, which may result in the formation of melanin [6] . These reactions may be responsible for the undesired enzymatic browning of fruits and vegetables, due to tissue injuries that may occur during senescence, harvest or postharvest handling. However, besides undesired browning, tyrosinases have been extolled for their role in the much desired organoleptic features of raisins, cocoa and fermented tea leaves among many others. In fungi, this phenomenon is associated with the differentiation of reproductive organs and spore formation, virulence of pathogenic fungi, and tissue protection after injury [7] . They achieve these tasks through the synthesis of melanin as a mechanism of defense against ultraviolet radiation, free radicals, gamma rays and extreme environmental conditions, as well as its contribution to the cell wall against hydrolytic enzymes, providing cell lysis.
Although tyrosinases have been scarcely considered, compared to its oxidative confrère, in the treatment of wastewater micropollutants, its biotechnological relevance in pharmaceuticals, nutraceuticals, and cosmeceuticals is renowned [8, 9] . Interestingly, tyrosinases are being consisdered as a constituent of a functional amalgam-biosensor for the detection of inconsequential levels of volatile phenolics [10] , thus highlighting its accuracy and sensitivity. Mushroom tyrosinases have attracted much biochemical interest due to the potentials already stated, and it has encouraged the exploratory search for novel fungal sources. A novel tyrosinase producing actinomycete strain has been isolated from Sahara soil [11] . Similarly, a study has been earlier conducted on two basidiomycetes, Agaricus bisporus and Pleurotus ostreatus, which had their tyrosinases purified and characterized [9] . However, to our knowledge, this is the first account of tyrosinase production from Fumago sp. and its characterization.
Materials and methods

Collection and isolation of microorganisms
Seven chunks of rotting wood samples and eight mushroom samples, growing on rotting logs of wood were collected and rinsed in 1 % hypochlorite solution (to reduce microbial contamination) for 10 min then thoroughly rinsed with sterile water. These samples (5 mm 2 ) were centrally located on Petri dishes containing sterilized and cooled potato dextrose agar (LAB-M) to which 100 μg mL -1 of streptomycin was added to inhibit bacterial growth. Plates were incubated at room temperature for 120 h. The growths which occurred on the plates as fungal mycelia were subcultured by aseptically transferring 8 mm mycelia plugs successively onto fresh PDA plates with the aid of a sterile cork borer, until pure cultures were observed and these were maintained on potato dextrose agar slants at 4 °C.
Biocatalytic activity of fungal strains
The fungi isolated were qualitatively screened for catalytic enzymes such as amylases, cellulases, tannases, pectinases, proteases, mannanses and tyrosinases. Agar plugs (8 mm) from 7 day old fungal cultures were aseptically and centrally inoculated on Petri plates containing about 15 mL of different screening media, and were analyzed as described below. Amylase was determined on soluble starch agar medium comprising (g/L) starch: 20; yeast extract: 0. Cellulase was determined on a medium described by Islam and Roy [12] with slight modifications, which entailed the replacement of 2 g gelatin with 0.5 g yeast extract. Tannic acid agar medium (TAA) as described by Pinto et al. [13] was used for screening of tannase activity. Pectinase was determined on 1 % citrus pectin supplemented Czapek mineral salt screening agar medium containing (g/L): NaNO 3 : 2; K 2 HPO 4 : 1.0; MgSO 4 .7H 2 O: 0.5; KCl: 0.5; Peptone: 2; Agar: 20; pH 6.5. Protease activity was screened for on a skim milk medium described by Polley and Ghosh [14] . Mannanase activity was assayed on a basal salt medium containing (g/L): NaNO 3 : 2.0; K 2 HPO 4 : 1.0; MgSO 4 .7H 2 O: 0.5; KCl: 0.5; Peptone: 2.0; Agar: 20; pH 6.5 supplemented with 1 % gum acacia. Tyrosinase was screened for on a medium described by Raval et al. [15] . The tyrosine screening medium contained (g/L): Peptone: 5; Yeast Extract: 3; L-tyrosine: 5; Agar: 20; pH 7. All the plates were incubated at 28 °C for 72 h and thereafter stained with iodine, except for protease plate, which exhibited a clear zone post-incubation, as well as tannase and tyrosinase screening plates, which were only observed for color changes. The appearance of brown halos around fungal growth was indicative of hydrolytic or oxidative activities of the respective enzymes.
Fungal selection and identification
The isolates were identified macroscopically and microscopically using the slide agar method [16] after staining with lactophenol cotton blue stain. Simplified key to some selected common genera [17] was used for identification of isolates to the genus level.
Production of tyrosinase
Tyrosinase was produced following the method of Roy et al. [18] . Erlenmeyer flasks (250 mL) containing 100 mL of tyrosinase production broth (g/L): Starch; 25, Glucose; 10, Yeast extract; 2, CaCO 3 ; 3, and 1 mL of a trace salt solution containing (1 % of FeSO 4 , CuSO 4 , ZnSO 4 , MnCl 2 ), were autoclaved at 121 o C for 15 min. After cooling, 10 mL 0.1 % of tyrosine was added to the medium and each flask was inoculated with five agar plugs (5 mm diameter) from 72 h old fungal cultures and incubated at room temperature for seven days. After the days of incubation, the extracellular enzyme from each fungal isolate was obtained by centrifuging the biomass at 8000 rpm, 4 °C for 15 min and the supernatant was assayed for tyrosinase activity.
Determination of tyrosinase activity
The continuous spectrophotometric rate determination method of Naraoka et al. [19] was employed, with modifications. Reaction cocktails containing (0.9 mL of deionized water, 1 mL of 0.5 M sodium phosphate buffer at pH 6.5 and 1 mL of 0.2mM tyrosine solution) were prepared and mixed at 25 °C. The mixture was shaken with a vortexer for 3 to 5 min after which 0.1 mL of the enzyme sample was added to the cocktail. One international unit (IU) of enzyme activity was described as the amount that catalyzes the transformation of 1 µmole of substrate to product per min at pH 6.5 at 25 °C in a 3 mL reaction mix, and was calculated as follows, using the molar absorption coefficient of dopachrome (3600 M -1 cm
where; Ɛ = molar absorption coefficient V f = final volume in the cuvetter (l) A = absorbance t = time (min).
Optimization of fermentation conditions for tyrosinase production and time course study
Fermentation experiments were conducted in 250 mL Erlenmeyer flasks containing 100 mL modified basal salt medium. Tyrosinase production was optimized by a traditional 'one factor at a time' (OFAT) approach, which entailed varying pH (3-9) using phosphate buffers (pH 4-7) and tris buffer (pH 8 and 9). Carbon sources (1 %) (maltose, lactose, fructose, sucrose) were varied, using glucose as control, as well as 0.2 % nitrogenous sources (peptone, ammonium sulphate, urea and sodium nitrate) where yeast extract served as the control. Time course of tyrosinase production was determined by the extraction of aliquots of fermented culture broth at successive periods of incubation for analysis.
Partial purification of tyrosinase from the crude extract
A hundred millilitre (100 mL) supernatant from a fungal culture broth was obtained through centrifugation at 8000 × g for 15 min and concentrated with ammonium sulphate (40 % saturation). After overnight storage at 4 °C, the ammonium sulphate precipitated protein was centrifuged at 10000 rpm, 4 °C for 20 min. The precipitate (10 mL) was resuspended in 90 mL of 0.2 M phosphate buffer (pH 7.0) with continuous stirring under refrigeration and was then checked for enzymatic activity as well as total protein content. Thereafter, dissolved precipitates were transferred into a preconditioned dialysis bag and sealed at both ends. The dialysis bag with its content was suspended overnight at 4 °C in a glass beaker containing 0.2 M phosphate buffer (pH 7.0) with stirring. The dialysate was checked for tyrosinase activity [18] and the total protein content measured following the Bradford method of 1976 [20] .
Tyrosinase characterization
Temperature effects on tyrosinase activity was determined at different temperature ranging from 30 °C-70 °C by preincubating the purified extracellular enzyme at the stated temperature ranges for 15 min in a constant temperature water bath. After this, the residual tyrosinase activity was determined [21] as earlier described in Section 2.5.
The effect of pH modifications on tyrosinase activity was determined by preincubating equal volumes of the enzyme and phosphate buffer (pH 5.0-7.0) and tris buffer (8.0 and 9.0) at 28 °C for 15 min. The activity in the reaction mixtures was determined under the stated assay conditions. ) from chloride salts of the metals on tyrosinase activity was determined. The enzyme was incubated with different metal salts (equal volumes) at room temperature for 10 min. The activities were then determined under assay conditions as described above.
The kinetics parameters (K M and V max ) were determined for the purified tyrosinase, using increasing tyrosine concentration as assay substrate (0.1 to 0.5 mM) at 30 °C in 100 mM phosphate buffer at pH 7.0. The K M and V max values were determined from the Michaelis-Menten plots.
Results and discussion
Fungi are capable of utilizing complex chemical substances as energy sources, due to their competitive saprophytic ability, which is expressed by fast mycelia growth, spores production, presence of efficient and extensive systems of powerful enzymes. In our study, a total of 25 fungi were isolated from rotting wood samples, where five (B1, B9, B13, B18, and B23) demonstrated consistent multi-enzyme characteristics by producing different zones of hydrolysis or oxidation on the screening substrates: starch, cellulose, tannic acid, pectin, casein, gum acacia, and tyrosine (Table 1) . However, among these five isolates, the most consistent multi-enzyme activity was observed with isolates B1 and B13, other interesting observations were recorded in Table  1 . The remarkable multi-enzyme capabilities of the fungal strains could, in part, be stimulated by the components of the medium, particularly the presence of a basic nutrient which serves as a source of energy, and also induce the meticulous choice of metabolic pathways for nutrient breakdown, and absorption by the fungi. A similar observation of multi-enzyme capabilities was reported by Liu et al. [1] , where they employed switchgrass as a source of energy and thereafter were able to achieve its saccharification through the secretion of cellulase and a retinue of accessory enzymes. Isolates B1 and B13 were identified by physical morphology and microscopy as Fumago sp. B13 and Fusarium solani B1, according to the descriptions of Pictorial Atlas of Soil and Seed Fungi [17] . The aerial white cottony mycelia on PDA, and the corresponding distinct sickle shape of the ascus suggested isolate B1 belonged to the genus, Fusarium. On the other hand, dark grey velvety growth on PDA, and the subsequent appearance of irregular spores borne on short conidiophores and on ordinary hyphae rich in oil globules were characteristic of Fumago sp. B13. Our findings of the Fusarium, an ascomycete, were congruent with the outcome of the phylogenetic study of Halaouli et al. [22] , that fungal tyrosinases are clustered in basidiomycetes, ascomycetes and deuteromycetes.
Optimization studies on tyrosinase production
Enzymatic oxidation of tyrosine was carried out with the tyrosinase produced by Fusarium solani B1 and Fumago sp. B13 using atmospheric molecular oxygen, which effected the production of a black pigment [21] . In our study, it was necessary that copious enzyme titers were produced, therefore, we investigated effect of selected cultural and nutritional parameters on tyrosinase outputs by the fungi. Maximum tyrosinase production was observed at pH of 6 and 7 in the basal medium for Fumago sp. B13 and Fusarium solani B1 respectively (Fig. 1) . Tyrosinase activity ranged from 120-580 U/mL for Fusarium solani B1 and 100-440 U/mL in Fumago sp. B13 respectively. A growth medium of acidic to neutral increasingly favoured tyrosinase activity in Fusarium solani B1. The same trend was observed in Fumago sp. B13 but at pH beyond 6, activities reduced and the least activity was recorded at pH 9 (100 U/mL). One amongst other possible reasons for this phenomenon might be the inhibitory effect of the higher concentration of OH -on fungal oxidases as pH advanced to towards neutrality, and eventually, the alkaline regime. However, Valipour and Arikan [23] reported a maximum yield of tyrosinase production between pH 6 and 7, which corroborates our observations. However, this contrasts the studies of Krishnaveni et al. [24] , who opined that the optimum pH for the growth of their fungus (5.0-5.5) was in concordance with its maximum tyrosinase production.
Glucose, when employed as the carbon source, elicited maximum tyrosinase yield in both isolates (Fusarium solani B1; 500 U/mL, Fumago sp. B13; 580 U/mL). Lactose also yielded considerably high tyrosinase titers, while a sucrose-supplemented medium produced the least tyrosinase (Fig. 2) .
Agarwal et al. [25] reported the constitutive and enhanced production of tyrosinase at 2 % concentration of glucose. However, Moshtaghioun et al. [26] selected sucrose for the optimization of growth of a tyrosinase producing fungus, Neurospora crassa and based their prereference on the presence of invertase in its membrane. As reflected in Fig. 3 , maximum tyrosinase production was observed when sodium nitrate was used as the nitrogen source with an activity of 660 U/mL and 490 U/mL for Fusarium solani B1 and Fumago sp. B13. However, the least activity was observed when urea and peptone were used as the nitrogen sources in the medium for Fusarium solani B1 (220 U/mL) and Fumago sp. B13 (140 U/mL). This could be due to the repressive effects of amino acids and analogues which might be present in the production of tyrosinase by some fungi [27] . Conversely, Majidi and Aksoz [28] , reported that maximum enzyme production was obtained when sodium nitrate was used as nitrogen source, but they concluded that best nitrogen sources might differ from one fungus to another.
The fungal secretion of tyrosinase and its associated melanin synthesis were evaluated by the afore-mentioned exogenous sources. Fig. 4 portrayed the time course for maximum production of tyrosinase by Fusarium solani B1 and Fumago sp. B13). It was observed that tyrosinase production peaked on the 6 th day (560 U/mL) and 4 th day (500 U/mL) by Fusarium solani B1 and Fumago sp. B13, respectively. The factors affecting our findings may not be precisely identifiable at the moment, however, our deduction disagrees with the observations of Duarte et al. [29] and Valipour and Arikan [23] , who reported 48 h and 16 h optima for Pycnoporus sanguineus and Bacillus megaterium, respectively.
Enzyme purification and characterization
The crude enzyme from Fusarium solani B1 and Fumago sp. B13 was partially purified using the ammonium sulphate fractionation (40 %) and dialysis. With each purification step, the residual tyrosinase activity of Fusarium solani and Fumago sp. reduced with the activity in dialysed samples being least (140 U/mL and 160 U/mL, respectively for Fusarium solani and Fumago sp.). However, the specific activity of the filtrates increased, hence portraying the inverse relationship between enzyme activity and the specific activity of the tyrosinases (Table 2) .
Fusarium solani B1 and Fumago sp. B13 tyrosinases were greatly enhanced by 1 mM Cu 2+ and Mg 2+ while other metals had little effect on the tyrosinase activties. The catalytic outputs of the tyrosinases were reduced by Hg 2+ (Fig. 5) . In a similar study, Harir et al. [11] reported the enhancing effects of preincubation of tyrosinase with Cu 2+ and Mg 2+ among other cations, which had little adverse effects overall. Fig. 6 showed that Fusarium solani B1 and Fumago sp. B13 had the highest tyrosinase activity at 30 °C and the lowest at 70 °C. The increasing temperature was observed to result in a reduction of the enzyme activity, and this might be attributed to the influence the temperature of the environment wherein the fungi were isolated had on their physiology. Earlier studies have shown temperature maxima for fungal tyrosinases to range between 25 °C and 35 °C [23, 30] . Generally, it could be assumed that the susceptibility of the tyrosinases to inactivation at higher temperatures might be a result of their molecular structure, however, further studies should be conducted to ascertain this claim. Consequently, their efficiencies in applications requiring higher temperature regimes might be inconsequential. Thus, more strategic screening techniques, extreme environments and structural modifications might also be considered when searching for tyrosinases with novel properties. Fusarium solani B1 had the highest tyrosinase activity at a pH of 7 from which it gradually declined into an alkaline regime while Fumago sp. B13 had the highest tyrosinase activity at a pH of 6 after which it also gradually declined (Fig. 7) . A possible reason for this has been earlier mentioned in the text, and our observations are in tandem with the reports of Axambayeva et al. [31] and Zou et al. [32] . Conversely, due to the harsh environments which are anticipated for real life applications, it would be highly necessary to address the bottleneck a narrow pH range would confer on catalytic activities.
It was observed that substrate concentrations (0.1-0.5 mM) was directly proportional to tyrosinase activity, where a maximum activity of 560 U/mL recorded by F. solani tyrosinase (Fig. 8) . This is similar to the observation of Axambayeva et al. [31] . Therefore, the enzyme kinetics were extrapolated from Michaelis Menten plots using the non-linear regression method [33] where V max was 0.4034 units and K M was 0.0109 mM for Fusarium solani B1 tyrosinase, and 0.4026 (V max ) and 0.0097 mM (K M ) for Fumago sp. B13 tyrosinase, respectively (Fig. 9) . From the kinetics determined, it could be assumed that the fungal proteins displayed a high affinity for the substrate and could transform it at a rapid rate. Furthermore, the particular uniqueness of the tyrosinases reported in this study is their relatively higher substrate affinity, compared to other sources [11, 32, [34] [35] [36] , which might imply their potential precision and efficient conversion of substrates, if applied at industrial scale. Therefore, further investigations should be encouraged to fully elucidate the potentials of these reported strains.
Conclusion
Fusarium solani B1 and Fumago sp. B13 were isolated from rotting wood samples. They were able to display remarkable zones of hydrolysis or oxidation on media supplemented with starch, cellulose, tannic acid, pectin, gum acacia, casein and tyrosine, thereby ascertaining their multi-enzyme activities and their potentials for multi-enzyme related biotechnological applications.
Tyrosinase production in these fungi was enhanced in a medium supplemented with 1 % glucose, 0.2 % NaNO 3 , pH of 6-7. Characterization of tyrosinase from Fusarium solani B1 and Fumago sp. B13 showed that the highest activities occurred at a temperature of 30 °C, in the presence of (1 mM) Cu
2+
, at a substrate concentration of 0.5 % and pH of 6-7. Therefore, future investigations regarding the tyrosinase from these multi-enzyme producing species should be directed at genetic manipulations and directed evolution, which would palliate the industrial production of tyrosinase from these species. 
